To expand knowledge of a search on a particular topic or to gather a significant sample of information that allows the researcher to identify and analyze the current state of knowledge on a topic, this paper presents a structured process for the selection of academic papers, evidence of papers' relevance through bibliometric analysis, and analysis of the papers' contents to identify gaps in the knowledge related to the theme under consideration and the objectives of the researcher. Starting from an interest in identifying and analyzing valuation models and risk management applied to the construction industry and using the Knowledge Development Process-Constructivist (ProKnow-C), this research identified 12,032 articles in thirteen academic databases. In its subsequent steps, the ProKnow-C allowed, in a process of continuous selection, the choice of the 23 articles that presented quantitative or qualitative risk management models developed for the construction industry. The relevance of this set of papers was demonstrated by bibliometric analysis. The content of the articles was systematically analyzed from ten research lenses based on the concepts of risk, risk management, and performance measurement adopted by the researchers, representing their research vision. The results of the systematic analysis demonstrated that risk management is a broad and complex subject, especially when its management aims to both avoid/minimize risk and guide the organization to a level where the risks can be transformed into competitive advantages. The analysis revealed the unique character of risk perception, indicating that models developed in one context are suitable only for that context. Thus, the use of ProKnow-C facilitated the acquisition of knowledge and enabled the researcher to identify numerous research opportunities, which, if included in the development of a new model, would allow this R. C. de Azevedo et al. 368 model to be used as an instrument that is legitimate and valid for the measurement, assessment, and management of risk, enabling the company to achieve competitive advantages in the market.
topic, justifying the choice of topic and its contribution to the researcher's research proposal; 3) generate a detailed philosophical justification for the methodological framework used; and 4) develop skills for a critical analysis of the literature and for the treatment of extensive and dispersed information.
Thus, as initial step to examine how risk management models proposed for construction are situated relative to the problem under consideration, this research aims to: 1) provide a process for selecting a set of papers about risk management models proposed for construction; 2) highlight the relevance of the selected papers through a bibliometric analysis of the articles and their references, in what concerns with scientific recognition of articles, authors, journals and keywords; and 3) analyze how the selected papers address the unique aspects of risk perception.
The remainder of this paper is divided into six sections. The next section presents the ProKnow-C process, and the following section presents the methodological framework of this research. The third section presents the research process used in databases to select a set of papers. The fourth section presents the bibliometric process used for demonstrating the relevance of the set of papers, the fifth section presents the opportunities for research that were identified, and the sixth section presents the conclusions of this research.
ProKnow-C
To achieve the objectives discussed above, this research adopted the Knowledge Development Process -Constructivist (ProKnow-C) [20] , which from the interest of the researcher in the issue, defines and sets out the restrictions intrinsic to the academic context, seeking to expand the researcher's knowledge so that he can conduct academic research with the stated reasons [18] .
The ProKnow-C, similar to other systematic approaches to literature review, such as the Systematic Literature Review (SLR), is based on the definition of the limits to the selection (databases, keywords, temporal filters, and/or criteria for the inclusion or exclusion of papers), built from the researcher's knowledge and state-ofthe-art papers identified based on the issue under consideration [20] [21] .
In this work, the ProKnow-C was used because it provides structured processes for the systematic review instead of having the researchers and developers choose the tools and techniques used to guide them in this task.
Moreover, the ProKnow-C has been used as a tool for building a robust and consistent theoretical framework by many researchers [22] - [32] , justifying the choice of this instrument.
Methodology
The methodological framework consists of an examination, description, or explanation of the approaches and tools used in this research to specify the set of methods, procedures, and philosophical assumptions underlying the topic and providing an optical context under which the research was designed and performed [32] .
Because the typology (methodology) research does not have a standard, the methodological framework to be adopted depends on the philosophical movement, goals outlined, researcher's perception, and expected results [33] .
Thus, Table 1 aims to clarify the methodological framework used in this study according to the aspects described herein [34] . 
Procedures for the Selection of Papers
The ProKnow-C selects papers that will compose the bibliographic set based on three stages: 1) establishing research definitions; 2) conducting a preliminary investigation; and 3) selecting papers for the set [20] .
Research Definitions
The definition of research axes is the first step in establishing research definitions using the ProKnow-C. Based on the proposed topic, this work adopts risk management in construction as the first axis of this research. For the second research axis, this work adopts performance assessment, in accordance with the aims of the research in identifying qualitative and/or quantitative risk management models for construction.
The second step consists of ordering the research chronologically. These procedures were performed in August 2011, with the next steps (i.e., the selection of articles and the bibliometric analysis) conducted in September, October, and November 2011. The procedure searched papers published in the 10 years preceding August 2011.
The adopted temporal filter (10 years) corresponds to the longer half-life of papers associated with civil engineering (the half-life of a paper is the number of years of its publication, calculated from the current year, comprising 50% of the total citations received by the journal in the current year) identified in a search conducted using JCR Science Edition [35] .
The third step of establishing the research definitions is to identify the databases that will be accessed for consultation. For this work, we chose to consider all databases indexed by the CAPES website [36] and linked to the knowledge area "engineering", subcategory "civil engineering", that are provided in full free papers.
The final step consists of defining the search filters. The following items were used: keywords and publication type (papers). The main keywords were defined around the axes (i.e., performance evaluation and risk management). To facilitate the selection of risk management models proposed for construction, we included a third axis, represented by the keyword "construction". Table 2 presents the keywords and respective axes.
The assertiveness of the proposed research definitions, particularly the keywords and databases, has been tested and approved according to the adhesion test proposed by the methodology adopted, ending this step.
Selection of Papers for the Bibliographic Set
After the validation of the research definitions, the process of selecting papers for the construction of bibliographic references was initiated. In addition to the keywords defined ( Table 2 ) and the date of publication (2001 or later), excluding filters were applied when selecting the papers, according to the availability of this resource by the database's management system.
These filters were applied to the general topic of the papers, and the filters allowed for the exclusion of papers associated with areas related to health (e.g., medicine, dentistry, psychology, pharmacy), water (e.g., pollution and water resources), agriculture, biochemistry and genetics, social sciences, seismic phenomena, physics and astronomy, electricity (e.g., generation, transmission), metallurgy, and oil. The results of this process are shown in Table 3 , sorted by the number of items obtained.
To effectively organize the papers taken from the databases, items were imported into the Endnote application [37] , which allows for the identification of duplicate papers, books, conference papers, and reprints. These duplicate items were excluded.
Duplicate papers were found because of the following reasons: 1) two or more databases indexed the same journal and 2) the same paper was obtained from more than one combination of keywords. The bibliographic set consisted of 5561 items after the exclusion of duplicate papers and books. The next step consisted of selecting papers by aligning the titles, which identified duplicate papers not detected in the previous step. These papers (72), which were duplicated because of differences in the spelling of the name of the author or the title, were excluded.
The analysis of the alignment of the title allowed for the identification of 5005 papers with titles that were not aligned with the research aim. These papers were excluded from the bibliographic set, which subsequently included 556 articles (gross base papers, not repeated and aligned with the research aim).
Next, the 556 papers of the bibliographic set were analyzed for scientific recognition. This analysis was performed based on the number of citations that each paper had received since its publication, obtained through Google Scholar [38] and sorted in descending order.
To identify the most relevant papers (most cited), a cutoff value corresponding to 85% of the total sum of citations of the 556 papers was set. This limit was based on the Pareto postulate, which states that most of the effect originates from a small number of causes. In the context of this research, this postulate states that the most cited articles (minority) will represent most of the scientific recognition in the current bibliographic set.
The 556 papers had a total of 5152 citations. The cutoff value was 4379 citations, considering the representativeness of 85%. Thus, with the items sorted in descending order of the number of individual citations, the papers were selected until the value of the accumulated citations was equal to the cutoff value. This selection occurred for a paper with 10 citations.
Because the lower limit was set (papers with 10 citations), all items with more than nine citations were selected to compose the bibliographic set (gross base papers, not repeated and with the title aligned with the research aim and scientific recognition). After this process, the bibliographic set included 138 papers.
The 418 least-cited papers would still go through a review process involving other criteria and could be integrated into the final bibliographic set of papers selected. Thus, in the next step, the 138 papers in the bibliographic set were assessed to determine whether the abstract aligned with the research aim. This analysis resulted in the exclusion of 55 papers. After this step, the bibliographic set included 83 papers (gross base papers, not repeated and with the title and abstract aligned with the research aim).
As previously mentioned, the set of 418 least-cited articles (not considered due to the criterion of scientific recognition) was the subject of a new review process. In this process, the article could be integrated into the bibliographic set if it had been published within less than two years of the analysis (papers that have not yet had the opportunity to be cited) and was written by some of the authors already present in the 83 selected papers.
According to these criteria, 127 papers published in 2009, 2010, and 2011 were identified among the least cited. Of this group, 72 papers had authors who were listed in the 83 selected papers (bibliographic set). These 72 papers were assessed for alignment of the abstract with the research aim, which resulted in the inclusion of 62 new papers. Thus, the bibliographic set included 145 papers. The search for the full text of the papers resulted in the exclusion of 36 papers because they were not available in full on the CAPES website [36] .
After reading the full text of the remaining 109 papers, seven papers were identified that were not aligned with the research aim (and were thus excluded) and two papers were excluded because they were considered reprints (the version with higher number of citations was kept in the final set).
Of the 100 remaining papers in the bibliographic set, 23 papers were identified that presented qualitative and/or quantitative risk management models for construction, with processes for risk identification and measurement of the consequences of risk, compatible with the aim of this research. Table 4 presents a summary of the selection process of papers for the construction of the theoretical framework (bibliographic set), and Table 5 lists the 23 selected papers, in alphabetical order by first author.
Bibliometric Analysis of the Bibliographic Set
A bibliometric analysis of the bibliographic set of papers that comprises the theoretical framework about risk management models used in construction is based on the quantitative evidence of statistical data for the management of information and scientific knowledge of a given subject, conducted by a document count [20] , and includes the following steps:
• Identify the degree of relevance of the journals;
• Identify the scientific recognition of the papers;
• Identify the relevance degree of the authors of the papers; and • Identify the most commonly used keywords.
To illustrate the bibliometric analysis of the bibliographic set, the most relevant analysis of the first two items, i.e., the degree of relevance of the journals and the scientific recognition of the papers, is displayed.
The main analysis of the first item considers the count of papers published by each journal within the bibliographic set and the count of each journal in the bibliographic references of the set. An analysis of the journals that published the selected papers illustrates that 1) the International Journal of Project Management includes five papers in the set; 2) Automation in Construction includes four papers; and 3) the Journal of Construction, Engineering and Management includes three papers. Table 6 summarizes this analysis.
The second analysis, i.e., the bibliometric analysis of bibliographic references, indicates that 309 references had been cited by the 23 selected papers in the bibliographic set. Of these 309 references, the ten most relevant journals for the references are shown in Figure 1 .
The second analysis, which identifies the scientific recognition of the 23 selected papers, was performed by counting the number of citations that each article has received since its publication. As illustrated in Figure 2 , this analysis highlights the following articles: 1) Carr and Tah [39] -A fuzzy approach to construction project risk assessment and analysis: Construction project risk management system-with 83 citations; 2) Chapman Table 4 . Papers included in each step of the selection process.
Papers
Step of the ProKnow-C process
12,032
Extraction of papers from databases [40]-The controlling influences on effective risk identification and assessment for construction design management-with 72 citations; and 3) Dey [41] -Decision support system for risk management: a case studywith 51 citations. The relevance of the articles that compose the theoretical framework can also be emphasized by considering the rank of the set to which the journals belong, which is provided by CAPES [42] . This analysis illustrates that 17 of the 23 papers (73%) were published by journals classified in the first three degrees of quality (degrees A1, A2, and B1). Similarly, 10 of the 12 journals (83%) that published the 23 papers are ranked in the first three degrees of quality (degrees A1, A2, and B1). representative sample of selected papers according to the research vision (research lenses) adopted by the researchers, to identify the strengths and weaknesses of knowledge found in the sample for each lens and all lenses. The systematic analysis is composed of the following steps: 1) identification of the criteria for the analysis; 2) analysis of the content of each article according to each of the analysis criteria; and 3) analysis of the overall results, with each criterion forming an axis of review.
Systematic Analysis of the Selected Papers
The first item, the identification of the criteria for the analysis (or the research lenses) is based on the definitions of risk and risk management proposed by PMBOK [13] and the definition of performance evaluation, proposed by Ensslin et al. [43] . These concepts and the criteria derived from them are shown in Table 7, Table 8 , respectively.
In the second item, the 23 selected papers were analyzed separately according to the ten research lenses. To respond to the third item, i.e., the analysis of the papers according to the axes of the evaluation, the results obtained in the analysis performed in the second item were organized, and each of these criteria now corresponds to an axis of the evaluation.
The process of systematic analysis of articles is exemplified in lenses 1 (Risk), 3 (Approach to solving problems), 5 (Method for identifying risks), and 8 (Mensuration) and summarized in Table 9 .
Concept of Risk (Lens 1)
Although the concept of risk adopted by most authors considers the positive or negative effects of risk on project objectives, most of the tools developed to date are used only to measure and assess threats (negative effects); opportunities (positive effects) are generally not covered by these tools [44] .
Identifying and utilizing opportunities that may be provided by the market is as important as identifying and avoiding threats. Whereas identifying and avoiding threats can allow potential losses to be minimized or avoided, identifying and utilizing opportunities allows profits to be maximized. A passive strategy relative to opportunities is certainly less effective than acting proactively with advanced planning that will allow for an increase in the likelihood and beneficial effects of opportunities.
However, only two papers [44] [45] address the positive effects of risks (opportunities) in the developed models. The risk management models presented in the other selected articles only consider threats (negative effects caused by risk).
Thus, future research should develop a risk management model that 1) identifies the positive and negative impacts of risk, making these impacts a strategic factor for success and 2) transforms risk into an opportunity, making plans and response strategies to generate competitive advantages in the market.
Approach to Solving Problems (Lens 3)
Four approaches to solving problems are identified in the literature on decision support [46] : • Descriptive: this approach is characterized by describing what happens in the world without making human judgments on this reality. Such approaches are instruments that originate from the natural sciences and are appropriate when human interpretation is irrelevant; • Normative: this approach is characterized by the adoption of models that have worked in other contexts and are believed by decision makers to be applicable to their context without adjustments. The involvement of the manager is summarized as the choice of the model to be implemented; (i) identify both the negative and positive impacts of risk, making these impacts a strategic factor for success; and (ii) allow for the creation of response plans and strategies to transform the risk into competitive advantages in the market.
2

Risk management 7
address strategic, tactical, and operational issues; consider the company, enterprise, and market; and consider the values and preferences of those who are responsible for decisions.
3
Approach 7
adopt a constructivist perspective, develop this perspective, and apply the perspective to the same context to properly reflect the values and preferences of the decision maker and the context itself, which will be modified by the decisions taken.
4
Singularity 7
ensure that the decision maker considers the support tools for risk management to be representative of their values and preferences, creating alignment, consistency, and assertiveness in decisions.
5
Method for identifying risks 7 have the criteria identified according to the vision of the decision maker (values and preferences) regarding the decision context.
6
Independence 6 have an approach to the identification of criteria and the mapping of cause and effect that identify its dependent relationships or ensure its independence.
7
Axes of measurement 2 have axes of measurement that can simplify or facilitate the operation of the model.
8
Mensuration -have processes to transform ordinal scales into cardinal scales that consider reference levels and are conducted in accordance with the value judgments of the decision maker.
9
Integration -(i) establish an understanding of the contribution of each criterion to the overall assessment; (ii) recognize the need to measure the goals pursued by the decision maker and not the alternatives that are available to him; and (iii) recognize the need for reference levels for the decision maker to compare criteria.
Improvement 4
implement the proposed improvement actions with continuous monitoring of the consequences of these actions, creating the necessary foundations for the model to be used as a tool for risk management.
* Number of models proposed in the 23 analyzed papers that heed, completely or partially, the questions represented by the lens of research.
• Prescriptive: this approach is characterized by the adaptation and personalization of management models for a given organization with the guidance of an outside expert. This approach considers that the processes must be customized and that the organization must be involved in providing information and subsequently adopting the recommendations given by the outside expert; • Constructivist: this approach seeks to develop interactively a coherent body of knowledge with the decision maker, enabling the decision maker to understand the consequences of his decisions on those factors that the decision maker thinks necessary and sufficient. In the selected papers, the adoption of a prescriptive approach in which the author relies on external views, such as the literature, the opinions of professionals with extensive experience, and/or academic opinions, for the context of the risk assessment model is predominant in the bibliographic set (used in 19 papers; [5] However, among these papers, Dikmen et al. [45] and Choi et al. [60] also adopt a descriptive approach, using the results of previous projects developed by the company under consideration as the basis for their models.
Four papers use the constructivist approach, which uses the context itself (projects and views of the stakeholders involved) as the basis for the risk management model as well as tools for expanding knowledge (such as decision trees, fault trees, and decision diagrams) [40] [41] [61] [62] .
Regarding the application of the model, there are four different types of development: • The model is constructed and applied in the same context, and although the model can employ external points of view, it is built based on the preferences of the stakeholders [41] [60] .
The environment of the construction industry is characterized by its uniqueness, complexity, uncertainty, limited information, and conflicts due to the presence of many stakeholders with views that do not always converge, thus leading to a high degree of risk and subjective decisions [2] [64] ; thus, this work proposes the adoption of the constructivist approach by accepting the need for obtaining new knowledge for the manager that can increase his understanding of the context in which he is involved and that his decisions will influence.
Similarly, this work considers that only a model built and implemented in the same context can properly reflect the values and preferences of the decision maker and the context itself, which will be modified by the decisions that he makes.
Thus, the opportunity arises to present a risk management model that is built under the constructivist perspective and applied in the same context in which it was developed.
Method for Identifying Risks (Lens 5)
The bibliographic set includes several instruments for addressing how to identify the necessary risk factors and the sufficiency of the evaluation for a given context.
Most papers identify the risk factors in the scientific literature (14 papers): • (4) four papers review the criteria identified in the literature using questionnaires answered by professionals with extensive experience in the topic (experts) [5] [62] . Figure 3 summarizes the methods used to identify the evaluation criteria. The analysis of methods used to identify the evaluation criteria used in risk assessment models indicates research opportunities for constructing risk management models with criteria that are identified in accordance with the vision of the decision maker (values and preferences) regarding the evaluation context.
Mensuration (Lens 8)
Once the evaluation criteria for the risk assessment have been identified, the manner in which the directions of preference for each axis are identified, or how the measurement scales are built, is established.
Ordinal scales are widely used in the selected papers, and 18 papers use a specific type of ordinal scale, the Likert scale (where the scale values are represented by linguistic variables, ordered to represent attractiveness of a goal or issue) to measure the evaluation criteria [16] One paper uses ordinal scales representing relative values (percentages) for the mensuration of probability and impact [44] .
Likert scales (ordinal) are easily constructed but the theory of measurement [43] [65] implies that the scales must satisfy six properties to be scientifically valid:
• Measurability; • Operationality; • Homogeneity; • Intelligibility;
• Distinction between the best and worst performance; and • Respect for the properties of ordinal scales.
Recognizing this limitation, ten papers in the bibliographic set using processes to transform the ordinal scales into cardinal scales to expand the understanding of the context by allowing a given level of risk of a criterion to be compared to the same level of risk for another criterion [5] Using the knowledge provided by cardinal scales, we have the opportunity to provide a process for the integration of scales without disregarding the limits of ordinal scales, which are used for mathematical operations of frequency, count, median, and mode [65] .
However, in these 10 papers, the processing is performed without defining reference levels to equalize what is considered normal or optimal performance, which can be seen as a restriction when compared to pairwise comparisons [66] .
Thus, future research should investigate the use of processes to transform ordinal scales into cardinal scales that consider reference levels and are conducted in accordance with the value judgments of the decision maker.
Research Opportunities
The procedures performed in the systematic analysis facilitated the identification of opportunities for research in the development of risk management models and the methods used to develop these models. These opportunities are presented in Table 9 .
Conclusions
Given the importance of academic research for building knowledge in the researcher, enabling him to identify the current state of knowledge on a topic and facilitating the construction of hypotheses and research questions that will guide the development of his research, this work presents a structured process for academic research for composition of a theoretical framework (ProKnow-C). This process ensures the creation of a bibliographic set of comprehensive, representative, and relevant papers on risk management models developed for construction.
The procedures of the ProKnow-C [20] , in its first stage, allowed the researchers to select from a gross sample of 12,032 papers, among which the 23 most relevant papers presented qualitative and/or quantitative models for risk management in construction.
These procedures highlighted the current state of academic knowledge on the topic of research, allowing the researcher to obtain new knowledge that was further supported by the identification of journals and authors who stood out in publications on the topic based on bibliometric analyses of the items in the bibliographic set.
The bibliometric analyses, the second step of ProKnow-C (2010), which are based on statistical analyses, identified the journals that stood out in the publications on the topic and in their references. The "International Journal of Project Management" and "Journal of Construction, Engineering and Management" are among the top 3 journals based on the publications on the topic and in their references. In relation to the authors of the papers, the bibliometric analyses identified two authors that were featured in publications on the topic: Diekmen, I. and Birnogul, M. T., both of whom are authors on four of the 23 selected papers.
The third step of the ProKnow-C [20] , the systematic analysis of the papers, was performed from the researchers' perspective of knowledge. This perspective is structured as ten research lenses (Table 8) , which are based on the concepts of risk and risk management proposed by PMBOK [13] and performance evaluation by Ensslin et al. [43] .
The concept of performance evaluation had been adopted because the researchers recognized the need to generate knowledge that enables the decision maker to evaluate the context that will be modified by their decisions (constructivist approach) and the implicit acceptance of the uniqueness of risk perception, which is evaluated and measured as a function of the decision maker's own values and preferences.
The results of the systematic analysis highlighted the fact that risk management is a broad and complex subject, especially when management seeks to both avoid or minimize risks and guide the organization to a level at which some of these risks can be turned into competitive advantages in the market. Furthermore, the unique nature of risk perception makes models developed in a particular context suitable only for that context.
The adoption of the constructivist process (ProKnow-C) allowed the proposed objectives in the introduction of this research to be met, namely 1) provide a process for selecting references (bibliographic set) for risk management models in construction; 2) highlight the relevance of the set through a bibliometric analysis of the papers, references, authors, and journals; and 3) analyze the selected papers that address the unique aspects of risk perception.
The use of these procedures facilitated the acquisition of knowledge, answered the question initially proposed in this research, and enabled the researchers to identify several research opportunities. If such opportunities had been incorporated into a risk management model for construction, the opportunities would allow the model developed for use as a tool for risk management, allowing competitive advantages to be realized in the market.
We believe that this study will contribute to future studies based on structured processes for the selection and presentation of papers, authors, and journals most relevant to a given topic, creating a consistent theoretical framework for the support of future research. Using these same structured processes, the research opportunities identified from the systematic analysis of the content of the selected papers will create a foundation for the research objectives.
As a proposal for future work, we suggest the adoption of constructivist methodologies, such as Multicriteria Decision Aid-Constructivist Methodology (MCDA-C), which was proposed by Ensslin et al. [67] , to develop risk management models for the construction industry. These models will allow the research opportunities reported in this work to be achieved and will thus contribute to the advancement of risk management in construction.
This study is not without limitations; in particular, two limitations are (1) the definition of the sample field of research because only papers with full texts that were available from the periodic system of CAPES in October 2011 were considered [25] and (2) the unique context of the systematic review process because these limitations are based on the judgment of the researchers and linked to their values, preferences, and prior knowledge.
